The Wenchuan earthquake, which happened in May 2008 in China, was one of the most destructive natural disasters of the past decade. The Chinese government implemented several aid programs, including the Paired Assistance to Disaster-Affected Areas (PADAA) program, to assist with disaster recovery. Although the Wenchuan earthquake has gained much scholarly attention, previous studies often adopted different recovery measures and provided fragmented empirical evidence on how an aid program may have influenced the recovery process in both the short and long term. To bridge the gap, this paper collects eight social, economic, and institutional indicators to measure four types of recovery processes, namely, economic recovery, social recovery, institutional recovery, and built environment recovery. The data, collected between 2002 and 2015, covers 269 earthquake-stricken counties. Based on this data, we constructed a set of disaster recovery indexes. We then evaluated the impacts of the PADAA program on the disaster recovery process across the 269 counties in both the short and long term. We concluded that the impact of the PADAA program on the post-disaster economic recovery was significant in both the short and long term, whereas its impact on the recovery of the institutional and built environment occurred in the short term. Its impact on post-disaster social recovery was inconclusive.
Introduction
The Wenchuan earthquake claimed more than 80,000 casualties and left about 4.8 million people homeless [1] . It affected a population of 29.8 million and an area of 440,000 square kilometers. The property damages were estimated to cost 120 billion USD [2] . The aid response was significant and unprecedented, with more than 146 billion USD (the exchange rate in 2008) pledged for relief and recovery. The post-disaster reconstruction effort aimed to create opportunities for the affected areas to be "reborn" (Speech at the Symposium on Post-disaster Reconstruction of Wenchuan Earthquake by Premier Mr. Wen Jiabao http://www.gov.cn/ldhd/2011-05/10/content_1860613.htm, accessed on 9 March 2018). The Paired Assistance to Disaster-Affected Areas (PADAA) program, which is the Chinese national counterpart aid (NCA) model, is an effective and efficient program for catastrophe recovery as compared with the other three types of models, namely, the central government oriented aid (CGA); the national non-governmental organizations aid (NNA), and the international humanitarian aid (IHA) [2, 3] . The PADAA program matched 19 provinces or municipalities (assisting parties) in the developed eastern and central areas of China to the 24 disaster-affected areas (assisted parties) to build up the "one-pair-one" relationships. The assisting parties provided assistance in terms of financial, technical, and human resources to the assisted parties during the post-disaster recovery period. The policy was initiated as part of the Overall Planning for Post-Wenchuan Earthquake Restoration and Reconstruction Programme. Due to the data availability and consistency, this research chose 18 counties from the PADAA program and 25 counties that from the planning program that are not in the PADAA program. The details are listed in Appendix A. The PADAA program required an assisting party (province or city) to provide at least 1% of its previous year's local budgetary revenue to the assisted party to support its recovery over a three-year period between 2008 and 2010 [3, 4] . The overall planning set the three-year post-disaster recovery goal to surpass the original living standard and economic performance in the pre-disaster time as well as to lay a foundation for future sustainable socioeconomic development [3, 4] .
Disaster recovery is defined as the process of "restoring, rebuilding, and reshaping the physical, social, economic, and natural environment through pre-event planning and post-event actions" ( [5] , p. 234). In the literature, disaster recovery is viewed as either a redevelopment opportunity, such as the recovery of Santa Cruz after the 1989 Loma Prieta earthquake [6] , or a process of integrating redevelopment and recovery goals [7] . Restoration to pre-disaster conditions or a new normality is often used as a benchmark for recovery, whereas the post-disaster recovery process is studied from the perspectives of economic recovery [8] , social recovery [9] , institutional recovery [10] , and built environment recovery [11] . For example, the empirical literature has adopted changes in population [12, 13] , quality of life improvement [14] , and improvements in public services, infrastructure, labor force, and employment [15] . Thus, in the literature, findings are fragmented. The short-and long-term impacts of the PADAA program on the whole post-disaster recovery process are not well-established.
To address this research gap, we adopted a holistic approach to determine how the PADAA program aided the recovery from the Wenchuan earthquake. Being different from the literature, our approach incorporated three components. First, we adopted an index-based methodology [16, 17] and constructed the indexes from four perspectives: economics, society, institution, and built environment. Second, we used two recovery benchmarks in the analysis: (1) the time taken to return to pre-disaster conditions and (2) the attainment of would-be conditions as if the disaster had not occurred [12, 13] . Third, we identified four comparable geographical area groups in the Wenchuan earthquake region: (1) non-damaged counties (Non_Damaged); (2) damaged counties which did not receive any government reconstruction plan (Non_Planned); (3) damaged counties which received some form of the government reconstruction plan but were not assisted by the PADAA program (Planned); and (4) damaged counties which were assisted by some form of the government reconstruction plan and were also assisted by the PADAA program (Planned_PADAA). It is noted that the earthquake damage in the fourth group was the gravest (Table A1 of Appendix A) . This identification allowed us to conduct a comparative analysis to analyze the impacts of the PADAA program on the post-Wenchuan earthquake recovery.
The paper is structured as follows. Section 2 reviews the literature related to disaster recovery and the Wenchuan earthquake recovery. A literature gap is identified. Section 3 introduces the data collection methods and research design. Section 4 presents the results. Section 5 concludes the study.
Literature Review

Disaster Recovery Literature
Disaster recovery, as part of the disaster cycle, has received little investigation and is poorly understood [5, 11, 15, 18] . There are four streams of literature in this aspect: (1) the time frame of disaster recovery; (2) the perspectives of studying disaster recovery; (3) the factors influencing disaster recovery; and (4) the measurements of disaster recovery. The classic study carried out by Haas et al. of four American cities focused on the recovery of housing and jobs after a disaster [19] . They assumed that disaster recovery consists of four overlapping periods: the emergency period; the restoration period; the replacement and reconstruction period; and the commemorative, betterment, and developmental reconstruction period [19] . Alternatively, the recovery period is differentiated by short-term recovery, intermediate recovery, and long-term recovery [20] . The short-term recovery period is often the emergency period and the early stages of the replacement and reconstruction period. It is measured in days. The intermediate recovery period is measured in weeks or months, representing the replacement, betterment, and developmental reconstruction period. The long-term recovery period may last months or years and encompasses the entire reconstruction and rehabilitation period [20] .
The second stream of literature pinpoints the perspectives of studying disaster recovery, including economic recovery [8] , social recovery [9] , institutional recovery [10] , and built environment recovery [11] . The definition of recovery is the return of all systems, both formal and informal, to as normal a state as possible. The economic and social perspectives are the two most important perspectives in studying disaster recovery. Some scholars argue that besides bringing a community back to its pre-disaster condition [20] [21] [22] [23] , disaster recovery can be seen as an opportunity to improve the pre-disaster living conditions [22] [23] [24] [25] .
The third stream of the literature addresses the factors influencing recovery [8, [26] [27] [28] [29] . Some fundamental factors are external aids or assistance [2, 30] , disaster damage [30] , and social capital functions as the main engines of long-term recovery [27] [28] [29] . Additional factors are pre-disaster and post-disaster planning and socio-economic status, the impacts and disruptions of post-disaster responses and efforts, and macro-and microeconomic programs and public policies [31, 32] . However, the long-term outcomes of external assistance in disaster recovery are still unclear.
Finally, it is important to adopt accurate measurements when studying disaster recovery [12, 13, 26] . Existing databases mainly collect information on immediate disaster-related losses and the information from one-time surveys or focus group investigations [12] . Indicators related to disaster recovery processes are not systematically recorded. As a consequence, we do not have a good understanding of disaster recovery processes and recovery outcomes, especially over the long term [12] . However, the time series of social economic indicators in disaster-stricken regions provide reliable sources to quantify the changes before and after a disaster. These indicators allow us to undertake meaningful comparisons by filtering out the exogenous influences and to elaborate on the overall post-disaster recovery. Two benchmarks are suggested to measure disaster recovery outcomes: (1) the time taken to return to the pre-disaster conditions and (2) the attainment of would-be conditions as if the disaster had not occurred [12] .
In summary, the literature suggests that the study of the post-disaster recovery process requires a holistic approach to incorporate four elements into a framework. They are the time frame of recovery; the four perspectives-social, economic, institutional and built environment recovery; the factors influencing disaster recovery; and the accurate measurement of recovery processes and recovery benchmarks. This framework guided us to develop our research design in this paper.
China Disaster Recovery Literature
The PADAA program involves aid being offered by an assisting party to an assisted party. This can occur between geographical regions or other recipient unit types, and it is implemented through the coordination of the different levels of administrative governments and related organizations [3] . The program, which originated from the China civil war, started in 1945 and was gradually developed into different forms of cooperation mechanisms to provide aid to crisis-stricken regions, reflecting the values of the China Communist Party (CCP), that is, "one in trouble, all to help" [3] . In a PADAA program, the central government manages the allocation of resources with an attempt to promote inter-regional (local) political competition to fulfill the tasks of post-disaster reconstruction goals and to achieve sustainable development in disaster-stricken regions [3, 4, 33] . Although the PADAA program is more effective than non-governmental organizations or international humanitarian agencies at providing assistance to disaster-stricken regions, there are flaws in the design and implementation of the PADAA program [3] . However, in the literature, the evaluation of the PADAA program is piecemeal and incomplete.
Together with other types of aid programs, the PADAA program was implemented in the counties which were badly affected by the Wenchuan earthquake. The literature related to the Wenchuan earthquake has typically focused on the short-term emergency management period [2, 3] ; the post-disaster recovery plans and reconstruction [31, 34] ; and the disaster recovery outcomes in the long term [33] such as the livelihood recovery [33] , the vegetation recovery [35] , and the business recovery [36] . Research on the post-disaster recovery in the long term, especially in regard to the impact of the PADAA program on the overall post-disaster recovery over both the short and long term, is not well established.
The present paper contributes to the literature by addressing the gaps identified above. We investigated the impacts of the PADAA program on post-Wenchuan earthquake recovery over both the short and long term. We hypothesized that the PADAA program could help to decrease the time of recovery; however, its impact on post-disaster recovery could be sensitive to the social and economic indicators chosen to measure the recovery process.
Data Collection and Research Design
Data Collection
We collected eight time series variables for each of the 269 counties affected by the Wenchuan earthquake between 2002 and 2015 covering both before and after the earthquake periods. The 269 counties are located in Sichuan, Gansu, and Shanxi provinces, and a map of the study area is attached in Figure 1 . The data were sourced from the China County Statistical Yearbooks and the WIND database (The website of the database is http://www.wind.com.cn/en/data.html). All monetary prices in Table 1 are deflated to the year 2002 price and are presented in USD. These indicators were used to construct recovery indexes.
Out of the eight variables, the real GDP ("GDP") and real industrial outputs from the enterprises above the designated size ("Output_Enterprise") were chosen to measure economic recovery at the county level. School children ("Secondary_Sch", "Primary_Sch") and population ("Population") were chosen to measure social recovery at the county level. Local budgetary revenue ("Pub_Revenue") and fixed asset investment ("Fixed_Asset") were chosen to measure institutional recovery at the county level. The number of hospital beds ("Hospital_Bed") was chosen to measure the built environment at the county level. 
Research Design
To answer the question of how the PADAA program aided in the recovery from the Wenchuan earthquake, our research design incorporated three components. First, we identified four county groups that were stricken by the Wenchuan earthquake based on the severity of damage and whether they received government aid packages. Second, we adopted an index-based methodology to construct the recovery indexes from four perspectives: economics, society, institution, and built environment [16, 17] . Third, we used two benchmarks to measure the recovery outcomes. The first benchmark referred to the time taken for a county to return to its pre-disaster conditions. The second benchmark referred to whether a county attained the would-be conditions as if the disaster had not occurred [12, 13] . We used the K-nearest matching method to design a comparative study in order to analyze the recovery process [37] .
Grouping the Counties
The 269 counties were divided into four groups. The first group contained counties with no earthquake damage, which thus received no government aid ("Non_Damaged"); the second group contained those with mild damage which received no government aid ("Non_Planned"); the third group contained those with severe damage which received government aid through some form of government reconstruction plan ("Planned"); and the fourth group of the counties had the most severe damages and received aid through both some form of government reconstruction plan and the PADAA program ("Planned_PADAA") ( Figure 1 ). A summary of the statistics is given in Table  2 . The details are listed in Table A1 of Appendix A. 
Research Design
Grouping the Counties
The 269 counties were divided into four groups. The first group contained counties with no earthquake damage, which thus received no government aid ("Non_Damaged"); the second group contained those with mild damage which received no government aid ("Non_Planned"); the third group contained those with severe damage which received government aid through some form of government reconstruction plan ("Planned"); and the fourth group of the counties had the most severe damages and received aid through both some form of government reconstruction plan and the PADAA program ("Planned_PADAA") ( Figure 1 ). A summary of the statistics is given in Table 2 . The details are listed in Table A1 of Appendix A. Table 2 illustrates the average development levels in 2008, when the earthquake happened, and the average post-disaster annual growth rate per county in each group between 2008 and 2015 for the eight indicators. Out of the 269 counties, the earthquake damage of those in the fourth group ("Planned_PADAA"), consisting of 18 counties, was the worst. Thus, they received PADAA aid. The average annual growth rates of the real GDP and the industrial output ("GDP"; "Output_Enterprise") show that the average post-disaster annual growth rate was higher in the fourth group than in the other groups which were either not damaged or were damaged but did not receive PADAA aid. In terms of social recovery, the population size and the number of school children had negative post-disaster annual growth rates, but the fourth group performed the best in this regard. In terms of institutional recovery, the fourth group obtained a higher annual growth rate than the other groups for public budgetary revenue ("Pub_Revenue"), but a slightly lower annual growth rate for fixed assets. In terms of the built environment recovery, as measured by the number of hospital beds ("Hospital_Bed"), the fourth group ("Planned_PADAA") experienced a relatively high annual growth rate as compared to the other groups. Overall, these figures imply that the PADAA program may have played a positive role in economic recovery.
Constructing Recovery Indexes
To measure the impact of the PADAA program on post-disaster recovery, we constructed four index series for each county. We used the construction of an economic recovery index series between 2002 and 2015 as an example to illustrate the method. The economic performance of a county is indicated by two variables: "GDP" and "Output_Enterprise". For the "GDP" variable, we took the mean GDP of 2006 and 2007 as a base value. Then, the ratio of the "GDP" of each year to the mean was used as the GDP index number for the year. The same procedure was applied to the "Output_Enterprise" variable to obtain the "Output_Enterprise" index number. The economic recovery index series for each county between 2002 and 2015 was then constructed by taking the average of two index numbers for each year. The social recovery was measured by three variables: "Population", "Primary_Sch", and "Secondary_Sch". We applied the same procedure to these three variables to derive the social recovery index series of a county between 2002 and 2015. The institutional recovery was indicated by two variables: "Fixed_Asset" and "Pub_Revenue". The built environment was assessed as the number of hospital beds. Both index series were constructed in the same way.
For each group, as defined in Section 3.2.1, the group recovery index series was simply the average of all counties' indexes in a group. With this definition of the indexes, if a post-disaster index number from a recovery index series (e.g., the economic recovery index series) is greater than one, this indicates that the county (or the counties in a group) has returned to its pre-disaster level from the perspective of economic recovery.
Designing the Comparative Analysis Framework
The comparative analysis framework adopted two alternative benchmarks to study the disaster recovery process. The first benchmark referred to the time taken for a county to return to its pre-disaster conditions. For the recovery index series, an index number of a year after 2008 greater than 1 indicated that the county returned to its pre-disaster level in that year. Therefore, we calculated the years taken for each county to first return to their pre-disaster level using the economic, institutional, and built environment recovery indexes. It is noted that the social recovery indexes were constructed by the number of school children and population. During the investigation period (between 2008 and 2015), the number of school children and population did not return to pre-disaster levels. Thus, the time taken to return to the pre-disaster level from the perspective of social recovery was more than seven years. We compared the calculated time periods for the four county groups, which aided us in justifying the impacts of the PADAA program on post-disaster recovery.
The second benchmark referred to whether a county had attained the would-be conditions as if the disaster had not occurred. The comparative analysis involved four steps. In the first step, for each earthquake damaged county, we selected 10 matched undamaged counties from the first group ("Non_Damaged" group) using the K-nearest matching method. For ease of explanation, we called the damaged county County_A; these counties were from the "Non_Planned", "Planned", and "Planned_PADAA" groups. The 10 similar undamaged counties were named County_B; these counties were selected from the "Non_Damaged" group. The "GDP" and "Population" were taken as the reference units for the selection. The mean values from 2006 and 2007 were used as the reference years. The K-Nearest Neighbor Algorithm [34] was used to calculate the distances between County_A and County_B against the two reference units. The average distance between County_A and County_B was used as the selection method. The selection rule was that from the first group ("Non_Damaged"), the 10 Non_Damaged counties (County_B) with the shortest distances to County_A were selected as the matching counties to County_A.
In the second step, we averaged the index numbers of the 10 matching counties for each disaster recovery index series for each year between 2002 and 2015. The derived recovery index series for the 10 matching counties was used as the reference recovery index series for County_A. It provided a proxy for the would-be conditions in a post-disaster year if County_A had not been stricken by the earthquake.
In the third step, we calculated the percentage differences of the index numbers between County_A and its 10 matching counties for each year and for each type of recovery index series (economic recovery indexes, social recovery indexes, institutional recovery indexes, and built environment recovery indexes).
In the fourth step, we averaged the percentages of all counties in each of the three damaged groups (the "Non_Planned", "Planned", and "Planned_PADAA" groups) in each year separately. These allowed us to compare the post-disaster recovery processes of the three groups across the years when the second recovery benchmark was used. It is worth noting that the use of a cross-group comparison at each time point was not appropriate to justify the role of the PADAA program because the counties in the different groups experienced different degrees of damage. Thus, our comparative analysis focused on the dynamic changes. The above design allowed us to track the dynamics of the comparative post-disaster recovery processes of the three groups across years. We justified the effectiveness of the PADAA program in aiding post-disaster recovery based on these comparative analyses.
Data Analysis and Empirical Findings
In this section, we first report the findings using the first benchmark, followed by those using the second benchmark.
Research Findings: Returning to Pre-Disaster Conditions
We applied the research design that was detailed in Section 3.2.3 to the four recovery indexes by group. The time taken for each county to return to its pre-disaster level was calculated and is presented in Table 3 . Notes: This table shows the interval between the year 2008 and the specific year when each index broke through 1, the ratio of the recovery index that matches the index for the first time, after 2008. As the population of the regions decreased, the social recovery had not returned to pre-earthquake conditions by seven years post-earthquake. Table 3 shows that, from the perspectives of economics, institution, and built environment, the counties in the "Planned_PADAA" group, which were the most severely damaged counties and received the aid from the PADAA program, generally took longer to return to their pre-disaster level than other groups. Moreover, as the post-disaster population decreased sharply, the social recovery required a longer time to recover than was measured in the study, and it is possible that it may not be able to return to its pre-disaster condition. Although the PADAA program is expected to have played a positive role in post-disaster recovery, the counties receiving the PADAA aid were also badly damaged by the earthquake. Thus, it is not surprising that they took longer to return to their pre-disaster levels. Without the aid from the PADAA, they might have taken even longer to recover.
Research Findings: Achieving Would-Be Conditions as If the Disaster Had Not Occurred
We applied the research design of the second recovery benchmark to the data. The results are presented in Figures 2-5 . The length of the bars in each figure indicates the gaps between the condition (the level of development) of a damaged county (indicated by its recovery indexes) and its would-be conditions as if the disaster had not occurred (indicated by its matching counties' recovery indexes). A negative value in a particular year means that the counties in that group failed to achieve their would-be conditions. Figure 2 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of economic recovery. Before the disaster year of 2008, the economic gaps between the damaged counties and the matching non-damaged counties were minimal. In the post-disaster years, the gaps were much bigger. The counties in the three earthquake damaged groups did not catch up with the economic performances of their matching counties. This means the disaster recovery did not achieve the would-be economic condition as if the disaster had not happened, even at seven years post-disaster. However, when we tracked the dynamic pattern of economic recovery, we found a slightly upward trend of economic recovery between 2008 and 2015 (the length of the grey color bar representing the group of "Planned_PADAA" became shorter over time) for the counties that received aid from the PADAA program, whereas a downward trend of economic recovery (the length of the orange color bar representing the group of "Planned" became longer over time) occurred for the counties that were less seriously damaged and did not receive the aid from the PADAA program. In the first three years after the disaster, the upward trend ("Planned_PADAA" group) and the downward trend ("Planned" group) of economic recovery were more obvious. Because the PADAA program was only implemented in the first three years after the disaster, the observed dynamic patterns justify the conclusion that the PADAA program sped up the post-disaster economic recovery over both the short and long term. Figure 2 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of economic recovery. Before the disaster year of 2008, the economic gaps between the damaged counties and the matching non-damaged counties were minimal. In the post-disaster years, the gaps were much bigger. The counties in the three earthquake damaged groups did not catch up with the economic performances of their matching counties. This means the disaster recovery did not achieve the would-be economic condition as if the disaster had not happened, even at seven years post-disaster. However, when we tracked the dynamic pattern of economic recovery, we found a slightly upward trend of economic recovery between 2008 and 2015 (the length of the grey color bar representing the group of "Planned_PADAA" became shorter over time) for the counties that received aid from the PADAA program, whereas a downward trend of economic recovery (the length of the orange color bar representing the group of "Planned" became longer over time) occurred for the counties that were less seriously damaged and did not receive the aid from the PADAA program. In the first three years after the disaster, the upward trend ("Planned_PADAA" group) and the downward trend ("Planned" group) of economic recovery were more obvious. Because the PADAA program was only implemented in the first three years after the disaster, the observed dynamic patterns justify the conclusion that the PADAA program sped up the post-disaster economic recovery over both the short and long term. Economic Recovery by Groups. Notes: Economic recovery was measured in RMB Yuan to decrease the influence of the exchange rate on the research results. The length of a bar indicates the gap between the conditions (the level of development) of a damaged county (indicated by its recovery indexes) to its would-be conditions as if the disaster had not occurred (indicated by its matching county's recovery indexes). A negative value in a particular year means that the counties in that group failed to achieve their would-be conditions. This is applicable to Figures 2, 3, 4 , 5. Figure 3 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of social recovery. We failed to observe an impact of the PADAA program on the social recovery in the short term. This is despite the fact that the PADAA program took effect within the first three years. However, we observed that the counties in this group performed better in the long term than the other groups. The impact of the PADAA on affected counties in social recovery is still inconclusive, compared with the economic recovery. A negative value in a particular year means that the counties in that group failed to achieve their would-be conditions. This is applicable to Figures 2-5 . Figure 3 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of social recovery. We failed to observe an impact of the PADAA program on the social recovery in the short term. This is despite the fact that the PADAA program took effect within the first three years. However, we observed that the counties in this group performed better in the long term than the other groups. The impact of the PADAA on affected counties in social recovery is still inconclusive, compared with the economic recovery. Figure 4 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of institutional recovery. Within the first three years after the disaster, the institutional recovery among the counties in the "Planned_PADAA" group (grey color bars) was much faster than that of the counties in the "Planned" group (orange color bars). This is despite the fact that the counties in the "Planned" group demonstrated positive changes, indicating that their institutional performance was better than their matching non-damaged counties. However, after the first three years, a downward trend in institutional recovery was observed for the counties in the "Planned_PADAA" group. Because the PADAA program was only implemented in the first three years after the disaster, the observed dynamic patterns justify the conclusion that the PADAA sped up the post-disaster institutional recovery in the short term only. Figure 5 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of built environment recovery. Before the disaster year (2008), the gaps between the damaged counties and the non-damaged counties were much smaller. In the post-disaster years, the gaps were much bigger. Within the first three years after the disaster, the built environment recovery among the counties in the "Planned_PADAA" group (grey color bars) was much faster than that of the counties in the "Planned" group (orange color bars). However, after the first three years, a downward trend in built environment recovery was observed. Because the PADAA program was only implemented in the first three years after the disaster, the Figure 4 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of institutional recovery. Within the first three years after the disaster, the institutional recovery among the counties in the "Planned_PADAA" group (grey color bars) was much faster than that of the counties in the "Planned" group (orange color bars). This is despite the fact that the counties in the "Planned" group demonstrated positive changes, indicating that their institutional performance was better than their matching non-damaged counties. However, after the first three years, a downward trend in institutional recovery was observed for the counties in the "Planned_PADAA" group. Because the PADAA program was only implemented in the first three years after the disaster, the observed dynamic patterns justify the conclusion that the PADAA sped up the post-disaster institutional recovery in the short term only. Figure 4 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of institutional recovery. Within the first three years after the disaster, the institutional recovery among the counties in the "Planned_PADAA" group (grey color bars) was much faster than that of the counties in the "Planned" group (orange color bars). This is despite the fact that the counties in the "Planned" group demonstrated positive changes, indicating that their institutional performance was better than their matching non-damaged counties. However, after the first three years, a downward trend in institutional recovery was observed for the counties in the "Planned_PADAA" group. Because the PADAA program was only implemented in the first three years after the disaster, the observed dynamic patterns justify the conclusion that the PADAA sped up the post-disaster institutional recovery in the short term only. Figure 5 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of built environment recovery. Before the disaster year (2008), the gaps between the damaged counties and the non-damaged counties were much smaller. In the post-disaster years, the gaps were much bigger. Within the first three years after the disaster, the built environment recovery among the counties in the "Planned_PADAA" group (grey color bars) was much faster than that of the counties in the "Planned" group (orange color bars). However, after the first three years, a downward trend in built environment recovery was observed. Because the PADAA program was only implemented in the first three years after the disaster, the Figure 5 presents the comparative results of the counties in each of the three earthquake damaged groups ("Non_Planned", "Planned", and "Planned_PADAA") as compared with their matching non-damaged counties from the perspective of built environment recovery. Before the disaster year (2008), the gaps between the damaged counties and the non-damaged counties were much smaller.
In the post-disaster years, the gaps were much bigger. Within the first three years after the disaster, the built environment recovery among the counties in the "Planned_PADAA" group (grey color bars) was much faster than that of the counties in the "Planned" group (orange color bars). However, after the first three years, a downward trend in built environment recovery was observed. Because the PADAA program was only implemented in the first three years after the disaster, the observed dynamic patterns justify the conclusion that the PADAA program sped up the post-disaster built environment recovery in the short term. In summary, by using "achieving would-be conditions as if the disaster had not occurred" as a disaster recovery benchmark, we justified the conclusion that the PADAA program played a positive role in speeding up the economic recovery over both the short and long term. Its impact on the recovery of the institutional and built environments was limited to the short term only, whereas its impact on social recovery was inconclusive.
Conclusions
The PADAA program offers advantages in helping disaster-affected areas to recover at faster rates, but the resilience of the program is questionable, especially because the large-scale investments required in the assisted areas may not be sustainable [2, 3, 4] .
This research concludes that the PADAA program successfully stimulated the economic recovery of the damaged counties after the Wenchuan earthquake over both the short and long term. It also aided in the recovery of the institutional and built environments in the short term. However, its impact on social recovery was inconclusive. We suspect that the population number may not be an appropriate measure for social recovery. This calls for further study. The current study focused on the Wenchuan earthquake only; thus, the data are of limited quality. Future studies will attempt to assess the Qinghai Yushu earthquake in China as well as covering other assistance schemes implemented by the Chinese government. As the PADAA program has been commonly adopted by the Chinese government for a few decades with notable achievements, it is important to comprehensively study the effectiveness of the program as well as to investigate potential improvements to the program's design and implementation. In addition, the identification of adaptive capacity and the means of building the adaptive capacity may need to be further explored to improve the PADAA program. Finally, we found that, methodologically, the benchmark based on whether a county has attained its would-be conditions as if the disaster had not occurred is a more appropriate benchmark that the commonly used benchmark of the time taken for a county to return to its pre-disaster conditions in assessing post-disaster aid programs.
In conclusion, we propose three suggestions. First, the PADAA program has its limitations, and a large-scale financial assistance program is often not sustainable, The PADAA program implemented in the Wenchuan earthquake was coupled with a financial aid package of 4000 billion RMB to cope with the financial crisis in In summary, by using "achieving would-be conditions as if the disaster had not occurred" as a disaster recovery benchmark, we justified the conclusion that the PADAA program played a positive role in speeding up the economic recovery over both the short and long term. Its impact on the recovery of the institutional and built environments was limited to the short term only, whereas its impact on social recovery was inconclusive.
The PADAA program offers advantages in helping disaster-affected areas to recover at faster rates, but the resilience of the program is questionable, especially because the large-scale investments required in the assisted areas may not be sustainable [2] [3] [4] .
In conclusion, we propose three suggestions. First, the PADAA program has its limitations, and a large-scale financial assistance program is often not sustainable, The PADAA program implemented in the Wenchuan earthquake was coupled with a financial aid package of 4000 billion RMB to cope with the financial crisis in 2008 (A financial stimulus policy of 4000 billion RMB was released in China to cope with the 2008 financial crisis. http://finance.sina.com.cn/g/20081109/19215484791.shtml, accessed on 5 January 2018). It was embedded in a layered and nested top-down regime to ensure that recovery tasks could be completed in such a manner that the assisting provinces with more resources could help the assisted counties where fewer resources could be mobilized to achieve a balanced distribution of responsibility [34] . It is commented that local involvements are typically less innovative in assisting post-disaster recovery [31, 34] . Thus, it is necessary to decentralize the decision-making power to the local level in order to respond to local needs efficiently and to enhance the local post-disaster rescue apacity. This explains why the post-disaster reconstructions in Yushu, Lushan, and the recent Jiu Zhaigou adopted a decentralized approach, with the theme of "guiding by the central government, decision-making by the local government, participating by the civil society" ("Guiding by the central government, decision-making by the local government, participating by the civil society"(Zhongyang tongchou zhidao, defang zuowei zhuti, zhaiqu qunzhong guangfan canyu, it was the new strategy adopted in the Lushan post-disaster reconstruction, and the Jiu Zhaigou post-disaster reconstruction also followed this strategy http://www.sc.gov.cn/10462/wza2012/zxft/20130725/20150923yas.shtml, and http://www.sc.xinhuanet.com/content/2018-03/15/c_1122539133.htm, accessed on 16 March 2018). The post-disaster reconstructions in Ya'an and Jiu Zhaigou also adopted a decentralized approach, mainly from intra-provincial assistance.
Second, besides using the top-down regime to ensure efficiency, a bottom-up management style is also necessary. Enhancing the local adaptive capacity to cope with disaster and reducing the reliance on external assistance call for policy innovations. It is suggested that a disaster recovery policy design take a customized approach. More work needs to be done on how to improve local governments' capabilities to cope with disaster, for example, the institutions related to disaster management being established in a local regime. To cope with disasters, this should be done in a preparedness manner.
Finally, international experiences (for example, India and Japan) regarding disaster recovery provide evidence on how to manage social resources and social capital to build post-disaster resilience [27] . Top-down recovery regimes are often criticized as being ambitious and flawed as "the existing recovery and mitigation plans for recovery at best ignore and at worst harm existing stocks of social capital" ( [27] , p. 151). With the increasing importance of social resources in a post-disaster recovery, we call for policy innovation to enhance social capital both before and after disasters. We need to reinvestigate the roles of state institutions and the market. Through the early studies, support from informal personal social networks was one of the most significant factors of improving recoveries and emotional recovery is related to other qualities after disasters [38] [39] [40] . We need to shift attention to the building of social resources in a localized manner. Chinese experiences show that large-scale external assistance may be effective in aiding high density areas which have experienced a devastating catastrophe to reduce the time taken for people to get back to their normal lives. In addition, strengthening the social capital between communities is also important. 
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